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During	 the	 cold	 rolling	 of	 steel,	 the	 thickness	 of	 the	 steel	 strips	 is	
reduced	by	applying	a	high	pressure	with	two	rolling	cylinders.	These	
cylinders	have	to	be	protected	from	the	harsh	condiDons.	Hence,	they	
are	 coated	 with	 a	 hard	 chromium	 layer	 which	 is	 typically	
electrodeposited	 from	 an	 aqueous	 soluDon	 containing	 Cr(VI).	
Powered	by	the	quest	to	a	sustainable	producDon	process	and	by	the	
incenDve	 of	 new	 European	 legislaDons,	OCAS	 NV	 has	 already	 been	
working	 for	 six	years	on	a	patented	Cr(VI)-free	alternaDve.	This	new	
hard	 chrome-plaDng	 process	 is	 established	 by	 the	 electrodeposiDon	
(ED)	from	a	Cr(III)	containing	ionic	liquid	(IL)	on	a	steel	substrate1.
Introduction
Aqueous	Cr(VI)	vs.	Cr(III)	IL	ED	Process1
The	 pure	 UV-Vis	 spectra	 of	 ﬁve	 chloro-aquachromium(III)	 species	
where	 unraveled	by	means	 of	MCR-ALS	 analysis	 in	 both	 Ethaline200	
and	 aqueous	 soluDons.	 These	 results	 were	 compared	 with	 results	
obtained	 by	 ion	 exchange	 chromatography	 and	 literature	 data3	 to	
assign	the	diﬀerent	coordinaDon	compounds	to	the	calculated	spectra.	
These	 data	 can	 be	 used	 to	 study	 the	 raDo	 of	 the	 species	 in	 a	 large	
range	of	solvents,	including	ILs.
Conclusion
Due	 to	 the	 lack	 of	 fundamental	 knowledge	 of	 the	 deposiDon	
mechanism,	 it	 is	 far	 from	 straighWorward	 to	 predict	 the	 in-use	
properDes	 of	 the	 layer.	 Therefore,	 this	 project	 focuses	 on	 the	
elucidaDon	of	the	coordina'on		chemistry	of	the	Cr(III)	species	in	the	
IL	as	a	funcDon	of	composiDon	and	the	presence	of	addiDves,	and	the	
link	 of	 this	 knowledge	 with	 the	 properDes	 of	 the	 eventual	 hard	
chromium	layer.
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MCR-ALS	of	Cr(III)	in	Ethaline200
Overview	of	MCR-ALS	Results
Cr(VI)	aqueous Cr(III)	IL
Mul'variate	 Curve	 Resolu'on	 -	 Alterna'ng	 Least	 Squares2	 is	 a	
staDsDcal	 method	 based	 on	 Principal	 Component	 Analysis	 (PCA)	 to	
ﬁnd	the	 ‘pure'	spectra	of	compounds	contained	 in	a	mixture.	This	 is	
performed	 on	 a	 series	 of	 UV/Vis	 spectra	 originaDng	 from	 samples	
where	the	composiDon	is	slightly	varied.	Hence	a	conDnuous	variaDon	
in	peak	posiDon	and	intensity	can	be	observed	(Fig.	1a).	Five	diﬀerent	
chromium(III)	 species	 where	 found	 (Fig.	 1b),	 which	 each	 have	 a	
concentraDon	proﬁle	along	series	of	spectra	(Fig.	1c).
MCR-ALS
Fig.	 1	 :	 (a)	 Series	 of	 UV/Vis	 absorption	
spectra	 of	 0.02	 M	 Cr(III)	 in	 water	 -	
ethylene	glycol	-	Ethaline200.	
(b)	 Spectra	 of	 the	 five	 chromium(III)	
species	 contained	 in	 the	 IL	 mixture,	
calculated	by	MCR-ALS	analysis.	
(c)	 Concentration	 profiles	 of	 the	 five	
compounds.
c
Semi-industrial	Pilot	Line
Fig.	 2:	Due	 to	 the	 promising	 features	 of	 this	
new	electrodeposition	solvent,	a	flexible	semi-
industrial	 pilot	 plant	 has	 been	 designed	 in	
OCAS	 NV.	 In	 this	 way,	 several	 set-ups,	 IL	
compositions,	additives,	etc.	can	be	tested	and	
evaluated	 on	 a	 large	 scale,	 and	 compared	
with	lab	scale	experiments.
Cl-
O
Cr3+
H
a
M
ol
%
	E
th
yl
en
e	
G
ly
co
l
M
ol
%
	C
hC
l
M
ol
%
	EG
Mol%	ChCl
b
H2O
Time
Variation	of…Variation	of…
Time
c(LiCl)
c(LiCl)
c(HClO4)
c(Ethylene	Glycol)	 
&	c(Choline	Chloride)
MCR-ALS
*IEC:	Pure	UV/Vis	spectra	obtained	by	Ion	Exchange	Chromatography	Experiments
